, 1997). However, very little is released per event (quantal size). With increased stim-
known about the protein/lipid composition and regulaulation, quantal size rose continuously, not abruptly, tion of these structures (for review, see Zimmerberg, suggesting that release efficiency from a single popu-
2001). The kiss-and-run mechanism is compatible with lation of DCVs rather than recruitment of different-
partial release in that the kinetics of fusion pore expansized vesicles contributed to the effect. These results sion and contraction might well limit the escape of transsuggest that catecholamine secretion does not conmitter. In contrast, it is more difficult to envisage how form to the quantal model. Inhibition of rapid endocypartial release could take place in the complete fusion tosis damped secretion in successive episodes, immodel, because it is assumed that the entire vesicle plying an essential role for this process in the recycling membrane merges with the plasma membrane, resulting of vesicles needed for continuous secretion.
in the exocytosis of all vesicular contents. A related question is the type of endocytosis accompanying these Introduction differing mechanisms of transmitter release. Complete fusion is thought to be followed by recovery of vesicular The quantal hypothesis of neurotransmission postulates membrane via clathrin-coated vesicle endocytosis at that the entire contents of individual synaptic vesicles sites distant from release sites (Heuser and Reese, 1973 ; are released at the synapse and that multiples of this unit for reviews, see Heuser, 1989 ] o , is determined as shown in inset (bin width of 50 ms). Solid line is an exponential fit of the data; the corresponding ϭ 0.395 was used to calculate the probability of overlapping events (P ϭ 1 Ϫ e Ϫt/ ) (see text).
events (see Travis and Wightman, 1998; Sulzer and Results

Pothos, 2000, for reviews). Alterations in AS parameters
Variation in Secretory Probability with Changes have been found under various circumstances and atin Stimulation Parameters tributed to different aspects of the secretory process.
To mimic physiological conditions, we stimulated calf For example, changes in external pH or osmolarity result AC cells in current-clamp mode with trains of APs at in subtle modifications in spike morphology, possibly different frequencies (cf. Elhamdani et al., 1998 Elhamdani et al., , 1999 ). due to changes in the dissociation of catecholamines Catecholamine release from DCVs was detected by from the dense-core matrix of chromaffin granules (Janamperometry using an extracellular carbon fiber eleckowski et al., 1993; Borges et al., 1997). Recently, we trode (CFE) gently apposed to the cell surface to minishowed that intracellular application of antibodies to mize diffusion delays in recording oxidation currents the CAPS protein, a major participant in secretion from (Elhamdani et al., , 1999 we determined the likelihood that spikes would overlap Alteration in Quantal Size and Amperometric Spike Characteristics with at high frequencies using a Poisson probability distribution (Bruns et al., 2000; Figure 1C ). The probability that
Increasing Stimulation Closer examination of records such as those depicted two events occur during a time interval (t) is given by p ϭ 1 Ϫ e Ϫt/ . For ϭ 0.39 s, calculated from the exponenin Figure 1A revealed that the size of ASs enlarged substantially as the amount of secretion increased. At low tial fit of the latency time distribution, and t ϭ 8. Amplitude, rising, and especially the charge and falling Discussion phase of individual spikes were all affected (see Table  1 Figures 6C and 6D , all panels). As intimated above (Figure 5) Combining the fusion pore and diffusion delays. However, loading cells with exogenous catecholamines had no effect on the graded quantal ion exchange concepts makes it relatively easy to see how variation in quantal size could come about. The size properties found with increased stimulation, and extracellular diffusion from a point source is not a signifikinetics of dilation and contraction of fusion pores could play a major role in controlling the amount of amine cant factor when the carbon fiber is closely apposed to the cell surface (Wightman et al., 1995) , as was done secreted, with the other significant factor being the rate of displacement of hormone from the DCV matrix by here. Thus, we feel that these and other possibilities such as variation in properties of the intravesicular maother ions entering the vesicle (see also Travis and Wightman, 1998). As we do not understand either the trix are of low probability.
In our view, a more likely possibility is that stimulation molecular elementals or mechanism of fusion pore opening and closing, it is premature to speculate as to at low frequency or in low [Ca 2ϩ ] o leads to partial catecholamine outflow from a single population of DCVs, how this structure operates (Zimmerberg, 2001 ). Nevertheless, previous studies, particularly in horse eosinowhile higher levels of stimulation lead to more efficient release from the same vesicle population. 
